Euler diagrams are an important tool in the field of information visualisationand knowledge discovery which are used for visualising set-based information. From the previous papers, Euler diagrams can be effectively used when some of the non wellformedness(diagrams' syntactic relationship rules) are avoided, as they are considered to reduce user comprehension. Though there are empirical studies on wellformedness but there is no study considering wellmatchedness (diagrams' syntactic relationships to be reflected in the semantic relationships). So, in this paper we considered two main wellmatchedness principles (extra zones and duplicated curves) to test which among the two can be relaxed while generating Euler diagrams in the most effective way. In the field of visualisation and humancomputer interaction (HCI), we observe the ways in which humans (users) interact with the visual representations using computers and design technologies. So, the userstudy isbased on the task performance (accuracy and response time), preference and eye movements of the participants. Ten participants took part in the study (eighteen diagrams were presented) and the results show that, duplicated curves slows down and trigger extra eye movements, causing delays for the tasks. The other results we obtained from the task performance and preference also helped us build a prototype visualisation tool to generate set-based information (set relationships) using a simulated data. As a contribution to HCI, our results and prototype tool will be useful for algorithm developers and software designers on the optimal way to develop intelligent visualisation tools and aid in generating Euler diagrams using real world data applications.
INTRODUCTION
Euler diagrams represent set intersections, set disjointness and set containments, which are called as set properties. These properties help users to understand which sets the item belong to, and which does not. From the literature, an Euler diagram is a set of closed curves where each curve has a label. Curve labels can be repeated and the set of curves with the same label is called a contour. The curves bisect into many regions called as minimal regions. A set of minimal regions from the same curve label is called a zone.
Wellformedness Properties
Flower and Howse [5] came up with the notion of wellformedness properties that relate to relationships between curves and regions in the diagram. The wellformedness properties are 1 1. Curves do not self-intersect. 2. Curve labels are not repeated. 3. Curves do not run concurrent. 4 . Curves cross when they intersect. 5. N-point of intersection is avoided. 6. Each zone is connected. An Euler diagram satisfying all these properties is said to be ''wellformed''. The paper [9] discusses how the properties of an Euler diagram relate to the level of wellmatchedness and the they are given below.
Wellmatchedness Principles
Sathiyanarayanan and Howse [9] came up with the notion of wellmatchedness principles that relate to relationship between syntax and semantics in the diagram.The wellmatchedness principles are 2 I. Based on curves 1. Curve level-set properties are matched by properties of the curves representing the sets (no extra region or zone or curve). 1 Wellformedness examples are given in [5] and [8] . 2 Wellmatchedness examples are given in [9] Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. 2. Contour level -set properties are matched by properties of the contours representing the sets (only when the curves are duplicated). II. Based on regions 3. Zone level -set properties are matched without any extra zones (no shading). 4. Minimal region level -set properties are matched without a disconnected zone(s). An Euler diagram satisfying all these principles is said to be ''wellmatched''.
Though there are empirical studies on wellformedness but there is no study considering wellmatchedness. So, we considered two main wellmatchedness principles (extra zones and duplicated curves) to test which among the two can be relaxed while drawing Euler diagrams in the most effective way in this paper.We consider only the two main levels: curve and zone level. The reasons are 1. At curve level, the diagrams must not contain any extra regions or zones or curves (but our interest is in testing two or more curves with same labels (extra curves) and extra zones). 2. At contour level, if diagrams have two or more curves enclosed or not enclosed by a contour, it means it is wellmatched but at curve level it is not wellmatched. 3. At zone level, if there are shadings in the diagrams, it is not wellmatched. 4. At minimal region level, the diagrams must not contain a disconnected zone. We avoidthis level based on the empirical evidence provided by Rodgers et al. [7] and Fish et al. [4] . So, our interest lies in testingonly diagrams at curve level and zone level based on the task performance, preference and eye movements of the participants. Figure 1. shows Euler diagrams drawn with equivalent semantics. In the left-hand diagram, curve label C has shadings whereas in the right-hand diagram, curve label C is duplicated. So, we have a strong motivation for discovering which among the two principles affect user understanding the most. The research question this paper attempts to address is ``Which wellmatchedness principles (extra zones and duplicated curves) affect user comprehension the most?''. The main aim of the study in this paper is to use eye tracking to test the effects of the two wellmatchedness principles based on eye movements, task performance and preference. Ten participants answered a series of eighteen questions where each wellmatchedness principle was asked nine times. Participants' ability was determined by the number of answers being correct and how well they observe and concentrate on the targeted areas in the diagrams to get the right answers. In this study, we considered a within-group approach to compare two wellmatchedness principles and which among the two affect users' comprehension the most. We employ a non-invasive eye-tracker (Tobii X2-60) to record participants' eye movements during each diagram solving task. The data collected included: participants' fixation time, fixation counts, and scan paths of the critical areas of each diagram.
The results showed that duplicated curves principle(contour level) slows down and trigger extra eye movements, causing delays for the tasks. The insights obtained are discussed in order to consider which principle can be relaxed while generating the diagrams.
EXPERIMENTAL DESIGN
The experiment is a controlled study conducted within a group to test the effects of the two wellmatchedness principles (extra zones and duplicated curves) based on eye movements, task performance and preference. Ten participants from the University of Brighton, UK volunteered to take part in the study who had knowledge about computers and had no vision defects. An initial training of the diagrams with questions were provided so that the participants get familiar with the diagrams, questions and the complete study process.
Usability Room
Participants took the study in a usability room which had good ventilation, a comfortable chair and a dedicated computer with an eye tracking system.
Eye-Tracking System
We used Tobii X2-60 eye tracking device for the study and the data was collected using Tobii Studio 3.3 software.
Stimuli
This pair-wise group had eighteen diagrams in total. Each wellmatchedness principle had nine diagrams and the other one was redrawn keeping the same information but changing only the targeted curve. Each diagram had 6 curves which had 24-30 data items. One such example is shown in Figure 2 .
Layout Guidelines
We considered ten guidelines laid out by Blake et al. [2] , [3] for drawing Euler diagrams. They are as follows 3 3 A detailed explanation can be found in [2] and [3] . 
Layout Characteristics
To minimise unwanted variations between diagrams, we adhere to the drawing conventions and principles listed below, also considered by Blake et al. [2] , [3] . 1. All diagrams were drawn using 3 types of curve sizes: small, medium and large. 2. Diagrams were drawn with circles. 3. Diagrams were drawn with smooth curves and considered zone area equality. 4. Curve colours were picked from the colour palette shown in [3] To help ensure the colours in the palette were uniformly distinct from each other, we adopted the approach of Blake et al. [3] . 5. curves were positioned such that the set properties like containment, disjointness and intersection were considered. 6. Curve labels were written using upper case letters in Times New Roman, 12 point size, font in bold as shown in Figure 2 . 7. Each curve label was positioned closest to its corresponding curve either on top or bottom or right aligned as shown in Figure 2 . 8. Data items were written using Times New Roman, 12 point size (started with capital letter). 9. Data items were evenly distributed within the zone. In some cases, data items were placed close to the curves while testing the properties. 10. Curves were arranged adhering to the layout guidelines considered above. Further drawing conventions considered in the study are consistent with other research contributions [1] , [2] , [3] , [4] .
Study Tasks
We considered the set-theoretic concepts like set intersection, set inclusion and set disjointness. The tasks used in the study were based on students taking sports in their University. The examples are shown in Figure 1 . This concept is very familiar to all participants who took part in this study.  How many students have taken CRICKET but not SKATING?
 Which sport is being taken by 5 students?  Who is taking both CRICKET and FOOTBALL?
Independent Variables
The three independent variables used in the study are diagrams, tasks and participants.
Dependent Variables
The three main dependent variables used in the study are accuracy of answers,time taken to answer each question and eye movements.
Software
We used the software called as the 'research vehicle' developed by Andrew Blake at the University of Brighton, United Kingdom [1] [2] [3] . This software can display the diagrams along with questions and options to the participants and records the time taken to answer the questions and the errors committed by the participants. The Tobii eye tracking software records the full session of the research vehicle for each participant.
Procedure
The experiment had three sessions: First session -during this session, consents were taken from the participants and the purpose of the experiment was explained in detail. Participants were trained with different diagrams and task questions manually and using the software. Only after the participant was comfortable with the questions and diagrams, he or she could take up the next session. Second session -in this session, participants were told to take up the study using the software; approximately lasting around 12 minutes where accuracy, time and eye movements were recorded. All the questions were supposed to be answered by the participants. Third session -participants gave feedback about the questionnaire and the diagrams shown in the A4 paper (preference of diagrams). We considered the counterbalancing design to avoid various pitfalls related to the standard designs, where the subjects are exposed to all of the treatments. We also considered subjects' fatigue and order of treatments that can adversely influence the results.
EXPERIMENTAL RESULTS
In this study, the main interest is on eye movements of the participants. Given the small number of participants and the limited variety of the stimuli, we consider accuracy and response time as an additional evidence in support of eye movement findings. 
Accuracy
From the task performance analysis, there is no significant difference (p>0.05) in accuracy between extra zones and duplicated curve labels, although the number of errors committed by participants are more in the latter.
Response Time
From the task performance analysis, there is a significant difference (p<0.05) in response times between extra zones and duplicated curve labels. Average time taken by the participants for diagrams with duplicated curve labels aremore than the diagrams with disconnected zones.
Eye Movements
So, from the task performance analysis for response times, it is clear that there is significant difference between the properties. For this reason, eye movements of the participants are quite important for in-depth analysis. From the video analysis, the pair-wise diagram (extra zones versus duplicated curves) was analysed. Participants' overall eye movements were slow (to some extent) for diagrams with duplicated curves. There were quite a lot of back-and-forth eye movements around the duplicated curves. This indicates that the participants were uncertain about counting the number of data items. Also, participants claimed that they were affected by the duplicated curves.
Preference
Seven out of ten participants preferred extra zones (shading) over duplicated curves and the reason is because of the continuity of the curve (single curve). Since the curve is coloured and some regions are shaded, participants feel it is easy to follow the curve path and find the data items. Whereas, in duplicated curve labels, participants feel they spend more time in scanning the full diagram to find the duplicated curves and their data items.
PROTOTYPE TOOL
The prototype of Euler diagram considered the layout guidelines and characteristics as described above and our results in this research gave us an insight to avoid duplication of curves to understand set-based information in an optimal way. The tool was built using the data-driven documents (D3) which uses HTML, CSS, SVG and JavaScript. Our work can be found on Codepen 4 . In the Figure 3 , our prototype tool has generated the Euler diagram -the circles overlap very well with disconnected zones and there are no duplicated curve labels based on the evaluation study. 
DISCUSSION
In the field of information visualisation, this paper establishes the impact of wellmatchedness principles (shading and duplicated curves) for improving Euler diagrams comprehension through a controlled study experiment using eye tracking.
From wellmatchedness in Euler diagrams [9] , we know that there are different choices between the wellmatchedness principles while generating Euler diagrams and from the study we conclude saying, duplicated curves should be avoided because the eye tracking has revealed duplicated curves can be a barrier to understanding. The alternative is to have Euler diagrams with extra zones (shaded), so there is continuity in the curve rather duplication. The results are summarised below:
1. From the accuracy results, though there is no significant difference between duplicated curve labels and extra zones, there are more errors in the former. 2. From the response time results, there is a significant difference between the two wellmatchedness principles, average time taken for duplicated curves is more. 3. From the eye tracking results, most of the participants took more time for the duplicated curves. Participants' overall eye movements were slow (to some extent) for diagrams with duplicated curve labels. There were quite a lot of back-and-forth eye movements around the duplicated curves. This indicates that the participants were uncertain about counting the number of data items. Also, participants claimed that they were affected by the duplicated curves. 4. From the preferential results, 70% of the participants preferred extra zones (shading) over duplicated curves and the reason is because of the continuity of the curve (single curve with shading).
From the Gestalt psychology on understanding diagrams, ``mind understands external stimuli as a complete object rather than the sum of their parts''. So, we conclude saying, avoiding duplicated curves will improve human understanding. Further interpretation could be done considering Gestalt principles.
The relevance of these findings, however, to data analytics seems to be fairly limited. The paper examines only Euler diagrams, and that too, based only on the principles of very less-researched wellmatchedness. These seem to be criteria that are way too stringent and specific for the findings to be fully relevant to data analytics -but they help in designing systems employing highly specialised, complicated information visualisation. Moreover, the paper leaves one important question unanswered: Is there a need for validating the principles of wellmatchedness themselves, before validating their efficacy, given that so little research has been done on them?
The prototype tool we developed can be turned into an intelligent automated tool considering the guidelines from [10, 11, 12] 
